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Abstract

Nocardia, a gram-positive bacillus with the microscopic appearance of branching hyphae, can produce considerable disease in the
appropriate host. The taxonomy of Nocardia continues to evolve; more than 50 species have been described. Early recognition and
effective therapyare imperative toachievesuccessfuloutcomes.Althoughnocardiosis typicallyoccurs inpatientswithcell-mediated
immunosuppressive conditions, infection may occasionally develop in immunocompetent patients as well. This review addresses
the microbiology of Nocardia, risk factors for infection, clinical presentations, and management strategies.
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T he genus Nocardia is a ubiquitous group of

environmental bacteria that usually mani-
fest as an opportunistic infection in immu-

nocompromised hosts. Nocardia can be found in
soil, decomposing vegetation, and other organic
matter, as well as in fresh and salt water. Both No-
cardia and Rhodococcus are members of the family
Nocardiaceae, which belongs to a suborder of “aer-
obic actinomycetes” that also includes Mycobacte-
rium, Corynebacterium, Gordona, and Tsukamurella.

The taxonomy of Nocardia has been challenging
because numerous revisions have been made with
the identification of more than 50 species. What was
originally referred to as Nocardia asteroides was later
found to be a group of bacteria with a heterozygous
pattern of antimicrobial drug susceptibilities.1 Sub-
sequently named N asteroides complex, this group of
bacteria is responsible for most clinical human no-

cardial infections. N asteroides complex was later a
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eparated and reorganized into different species on the
asis of drug susceptibility patterns: Nocardia absces-
us, Nocardia brevicatena-paucivorans complex, Nocar-
ia nova complex (which includes N nova, Nocardia
eterana, Nocardia africana, Nocardia kruczakiae), No-
ardia transvalensis complex, Nocardia farcinica, and N
steroides.2 Nocardia cyriacigeorgica was recently dif-

ferentiated from N asteroides and is becoming a more
frequently identified clinically relevant pathogen.3

Nocardia is a gram-positive bacterium that
rows aerobically. Unlike other gram-positive bac-
eria, Nocardia appears as a filamentous bacterium
ith hyphaelike branching on direct microscopy.
ocardia exhibits varying degrees of acid-fastness,
epending on the mycolic acid composition in the
ell wall and type of stain used.2 The modified Kin-
oun acid-fast stain uses 1% sulfuric acid as a decol-
rizer (instead of the more potent hydrochloric

cid used in the decoloration step in the Ziehl-
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Neelsen staining procedure), which enhances the
ability of Nocardia to retain the colored fuchsin.4

Unlike mycobacteria, Nocardia has a “beaded” acid-fast
appearance on microscopy. Nocardia can resemble
Actinomyces species on Gram stain; however, Actino-
myces species are not acid-fast and grow under an-
aerobic conditions.

RISK FACTORS FOR INFECTION
Nocardia usually is an “opportunistic pathogen,” with
the majority of infections occurring in patients with
immunosuppressive conditions. Up to one-third of pa-
tients with nocardiosis, however, are immunocompe-
tent.5 Irrespective of a patient’s immunologic status,
the isolation of Nocardia from the respiratory tract or
other body source should not be regarded as a contam-
inant or commensal organism. Patients with depressed
cell-mediated immunity especially are at high risk for
infection, including those with lymphoma, other se-
lected malignancies, human immunodeficiency virus
infection, and solid-organ or hematopoietic stem cell
transplant and those receiving long-term treatment
with steroids or other medications that suppress cell-
mediated immunity.6,7

Patients with allogeneic hematopoietic stem cell
transplants are at much higher risk for nocardiosis
than those with autologous hematopoietic stem cell
transplants.8,9 The development of graft-vs-host
disease and subsequent additional immunosuppres-
sive treatments may account for much of the in-

l Diagnoses of Nocardiosis

(depending on the host) aspergillosis, mucormycosis,
sis, cryptococcosis

us equi, and other bacterial infections
ncluding Mycobacterium tuberculosis and
erial infections
or secondary)

: sporotrichosis, Mycobacterium marinum infection
A streptococcus, Staphylococcus aureus, Erysipelothrix

arensis infections
tinomycosis, fungal infections (Pseudoallescheria species

niasis, cryptococcosis, infections with rapidly growing
cterium fortuitum, Mycobacterium chelonae)

ase
condary)
r multiple)

t): toxoplasmosis, M tuberculosis, fungal infection
aspergillosis, mucormycosis), cysticercosis
creased risk in allogeneic hematopoietic stem cell p
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transplant patients. Among these patients, nocardiosis
can develop at varying time periods, which range from 2
to 3 months to 1 to 2 years after stem cell infusion.8,9

Among solid organ transplant recipients, Nocardia infec-
tion has a frequency of 0.6% to 3% and has been well
described in kidney, heart, and liver recipients.10-12 A
ecent review of 5126 solid organ transplant recipients,
owever, found lung transplant recipients to have the
ighest incidence of Nocardia infection, followed by re-
ipients of heart, small bowel, kidney, and liver trans-
lants.12 Although the use of cyclosporine has been as-

sociated with the development of nocardiosis,13,14

combination therapy with cyclosporine and predni-
sone in some patient groups may pose less risk than
azathioprine and prednisone or high-dose prednisone
alone.15,16 Solid tissue cancers with associated chemo-
herapy also represent another novel category for Nocar-
ia disease development. Comorbidities and concurrent
nfections, including diabetes, cytomegalovirus infection,
nd alcoholism, contribute as well. Chronic obstructive
ulmonary disease has a common association with pul-
onary nocardiosis, but usually in the setting of concur-

ent corticosteriod use.17

CLINICAL PRESENTATIONS
Pulmonary nocardiosis is the most common clinical
presentation of infection because inhalation is the pri-
mary route of bacterial exposure. The onset of symp-
toms may be subacute to more chronic and can include
productive or nonproductive cough, shortness of
breath, chest pain, hemoptysis, fever, night sweats,
weight loss, and progressive fatigue. The chest radio-
graph can be variable, displaying focal or multifocal
disease with nodular and/or consolidation infiltrate as
well as cavitary lesions.18,19 Pleural effusions can de-
elop in up to one-third of patients. It can be very
ifficult clinically and radiographically to differentiate
ocardia from filamentous fungal (eg, aspergillosis,
ucormycosis) or mycobacterial disease (Table 1).
ccasionally, Nocardia may be identified from the re-

spiratory tract in a person without apparent pulmo-
nary infection. Nocardia isolation without apparent
pulmonary infection can be encountered in patients
with underlying structural lung disease, such as bron-
chiectasis and cystic fibrosis,2 and should be inter-
reted cautiously. The identification of Nocardia from
n immunocompromised patient should never be ig-
ored, especially if any abnormal clinical or radiologic
ulmonary findings are present.

Extrapulmonary nocardiosis is relatively common
nd can occur through hematogenous dissemination
r a contiguous spread of necrotizing pneumonitis into
he pleura, pericardium, mediastinum, and vena cava.
bscess formation is characteristic of extrapulmonary
ocardiosis and can resemble a pyogenic bacterial pro-
ess or evolve into a chronic granulomatous or mixed
TABLE 1. Select Differentia

Pulmonary disease
● Fungal infections, including

histoplasmosis, blastomyco
● Actinomycosis, Rhodococc
● Mycobacterial infections, i

nontuberculosis mycobact
● Lung malignancy (primary

Cutaneous disease
● Lymphocutaneous disease
● Superficial cellulitis: group

species, and Francisella tul
● Mycetoma (late stage): ac

and other molds)
● Other: cutaneous leishma

mycobacteria (eg, Mycoba

Central nervous system dise
● Malignancy (primary or se
● Bacterial abscess (single o
● Vascular infarction
● Other (depending on hos
rogressive inflammatory mass. The central nervous
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NOCARDIOSIS OVERVIEW
system (CNS) is the most common extrapulmonary
location for nocardiosis (up to 44% in one series).18

Patients may have 1 or more brain abscesses and pres-
ent with headache, nausea, vomiting, seizures, or alter-
ation in consciousness.2 Neurologic symptoms typi-
cally develop gradually, although an acute presentation
with rapid progression may occur occasionally. Cere-
bral nocardiosis commonly accompanies pulmonary
disease, but isolated CNS disease may occur. In immu-
nocompetent patients, cerebral nocardiosis is less
common and may resemble a brain tumor or vascular
infarct.20,21 Central nervous system imaging should be
considered for patients with any adverse neurologic
symptoms, severe pulmonary nocardiosis, or signifi-
cant immunosuppression.

Primary cutaneous and soft tissue nocardiosis can
result from traumatic injury to the skin that involves
contamination with soil.22 Unlike other forms of no-
cardiosis, primary cutaneous disease usually develops
in immunocompetent hosts. After skin inoculation, a
superficial abscess or localized cellulitis can develop.
Cutaneous nocardiosis can resemble soft tissue infec-
tions produced by Staphylococcus aureus or strepto-
cocci (Table 1); however, this form of nocardial disease
is usually more indolent.18 The infection can spread to
the regional lymph nodes and produce a single or lin-
ear chain of nodular lesions. Lymphocutaneous nocar-
diosis is often called sporotrichoid nocardiosis, given the
similar presentation of sporotrichosis. In more ad-
vanced disease, a mycetoma can develop with sinus
tract development. Nocardia brasiliensis is the most
common Nocardia species in cutaneous disease (espe-
cially progressive and lymphocutaneous disease), al-
though N asteroides and Nocardia otitidiscaviarum have
also occasionally been isolated.22

Nocardia bacteremia is less often encountered. In
one review of Nocardia bacteremia, 64% patients had
concurrent pulmonary nocardiosis, 28% had concur-
rent cutaneous disease, and 19% had concurrent CNS
disease.23 Nocardia bacteremia associated with central
venous catheter infections has been reported.24,25

Polymicrobial bloodstream infections with Nocardia and
gram-negative bacilli have also been identified. Hematog-
enously disseminated nocardiosis has led to infection in
the eyes (keratitis), heart valves, liver, spleen, adrenal
glands, thyroid gland, and organ tissues.

TREATMENT CONSIDERATIONS
General treatment recommendations for nocardiosis are
hindered by the lack of prospective controlled trials. Op-
timal antimicrobial treatment regimens have not been
firmly established. Nocardia displays variable in vitro an-
timicrobial susceptibility patterns, and management of
nocardial infections must be individualized.26 The Clini-
cal and Laboratory Standards Institute has published rec-
ommendations for antimicrobial susceptibility testing for

Nocardia and other aerobic actinomycetes.27 Nocardia

Mayo Clin Proc. � April 2012;87(4):403-407 � doi:10.1016/j.mayocp.
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solated from clinically significant infections should un-
ergo antimicrobial susceptibility testing to assist in treat-
entdecisions.Drugsusceptibilitypatterns formajorNo-

ardia species are listed in Table 2.
Sulfonamides, including sulfadiazine and sul-

soxazole, have been the antimicrobials of choice to
reat nocardiosis for the past 50 years despite bacte-
iostatic activity.28 Trimethoprim-sulfamethoxazole

(TMP-SMX) is the most commonly used sulfon-
amide preparation in the United States, although the
benefit of the trimethoprim component is unclear.
Divided doses of 5 to 10 mg/kg per day of the tri-
meth-o-prim component (or 25 to 50 mg/kg per day
of sulfamethoxazole) are recommended to produce
sulfonamide serum concentrations between 100
and 150 �g/mL. Adverse reactions to high-dose
TMP-SMX therapy are frequent and include myelo-
suppression, hepatoxicity, and renal insufficiency.
Trimethoprim-sulfamethoxazole is active against most
Nocardia species; however, N otitidiscaviarum is com-
monly resistant to TMP-SMX, and N nova and N farci-
nica are occasionally resistant.22,28

Alternative antimicrobial agents with activity
gainst Nocardia include amikacin, imipenem, mero-
enem, ceftriaxone, cefotaxime, minocycline, moxifloxa-
in, levofloxacin, linezolid, tigecycline, and amoxicillin-
lavulanic acid. Imipenem is more active than either
eropenem or ertapenem against most Nocardia spe-

ies.29 Ertapenemshouldnotbeusedasareplacement for
imipenem or meropenem. Of the tetracyclines, minocy-
clineappears tohavethebestactivityagainstNocardiaand
is an alternative oral agent in patients allergic to sulfon-
amides. Tigecycline, a glycylcycline, appears to be active
in vitro against most Nocardia species. Of the fluoro-
quinolones, moxifloxacin is fairly active in vitro against N
asteroides complex.29,30 Linezolid, an oxazolidinone, is
uite active against virtually all known pathogenic Nocar-
ia species and has successfully been used in treatment of
atients with disseminated and CNS nocardiosis.31 Prob-

lems with linezolid, however, include its high cost and
significant toxicities, including myelosuppression, pe-
ripheral neuropathy, and lactic acidosis. Amoxicillin-cla-
vulanicacid ismoderatelyactiveagainstmanystrainsofN
asteroides, N farcinica, and N brasiliensis, but inactive
against most strains of N nova, N otitidiscaviarum, and N
transvalensis.22 AmongtheNocardiaspecies,N farcinica,N
rasiliensis, and N otitidiscaviarum tend to have higher de-
rees of multidrug resistance.2,32

Combination therapy with imipenem and cefo-
axime, amikacin and TMP-SMX, imipenem and
MP-SMX, amikacin and cefotaxime, or amikacin
nd imipenem may provide enhanced activity.33 In
ouse models, the combination of amikacin and

mipenem was more effective in the treatment of
erebral and pulmonary nocardiosis than TMP-SMX
lone.34,35 For most forms of nocardiosis, initial com-
bination drug therapy is recommended. In patients

2011.11.016 405
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with CNS disease, therapy should include drugs with
favorable CNS penetration (eg, TMP-SMX and ceftri-
axone). Patients with severe nocardiosis may benefit
from the addition of a third agent, such as linezolid.
Combination therapy should continue until clinical
patient improvement occurs and Nocardia species
identification and antimicrobial drug susceptibility in-
formation can be confirmed. Single-drug therapy may
suffice thereafter. Duration of treatment is generally
prolonged to minimize risk of disease relapse. Immu-
nocompetent patients with pulmonary or multifocal
(non-CNS) nocardiosis may be successfully treated
with 6 to 12 months of antimicrobial therapy. Immu-
nosuppressed patients and those with CNS disease
should receive at least 12 months of antimicrobial ther-
apy with the appropriate clinical monitoring.

Trimethoprim-sulfamethoxazole provides ef-
fective prophylaxis to prevent Pneumocystis pneu-
monia and also can decrease the risk of nocardial
infections. Daily TMP-SMX prophylaxis most reli-
ably prevents nocardiosis and may also account for
the decreased prevalence of nocardiosis in patients
with advanced human immunodeficiency virus in-
fection.36 Intermittent therapy with oral TMP-SMX

Species and Corresponding Antimicrobial Susceptibility

Antimicrobial susce

Sulfa-
hoxazole Ampicillin

Amoxicillin-
clavulanate Ceftriaxone Linezolid

c

� � � � �

� – �/– � �

� � � � �

� �/– �/– � �

�/– – �/– – �

� �/– – � �

� �/– � �

� – � �

�/– – – – �

� – – �

inactive; �/– � may be active, but resistance is common; no ent
tigecycline are active against selected Nocardia species.
a group of bacteria that have a heterozygous pattern of antimicrob

ted as N asteroides by some laboratories unless additional testing i
; resistant to other aminoglycosides.
d other aminoglycosides.
(2 double-strength tablets twice weekly or 1 single-

Mayo Clin Proc. �
strength tablet 3 times weekly) is less protective
against nocardiosis.8,15,16 Breakthrough nocardial
infections in the setting of intermittent TMP-SMX
prophylaxis, however, may still remain susceptible.

CONCLUSION
Increases in the number of patients receiving im-
munosuppressive therapies for solid organ or he-
matopoietic stem cell transplants, hematologic
and solid tissue cancers, and autoinflammatory
conditions, ensure that Nocardia will remain a for-
midable pathogen. Although this organism is ca-
pable of producing serious and metastatic disease
in the appropriate host, early recognition and ini-
tiation of appropriate treatment can lead to suc-
cessful outcomes.

Abbreviations and Acronyms: CMI � cell-mediated im-
munity; COPD � chronic obstructive pulmonary disease;
CNS � central nervous system; TMP-SMX � trimethoprim-
sulfamethoxazole

Correspondence: Address to John W. Wilson, MD, Divi-
sion of Infectious Diseases, Mayo Clinic, 200 First St SW,

ernsa

ility patterns

ikacin Imipenem Fluoroquinolone
Clarithro-

mycin Otherb

� – – –

� � – –

� – � –

� � �/– – d

� � � – e

� � �

– � � – f

– – –

� – �

� �

variable susceptibility results or insufficient information.

ug susceptibilities and are responsible for the majority of clinical

ormed.
TABLE 2. Select Nocardia Patt

Species

ptib

met Am

Nocardia asteroides complex

N abscessus

N asteroides

N brevicatena and
N paucivorans

N cyriacigeorgica

N farcinica

N nova complex

N transvalensis
complex

Other Nocardia species

N brasiliensis

N otitidiscaviarum

N pseudo-
brasiliensis

a � � active; – � less active or ry �
b Minocycline, moxifloxacin, and
c Nocardia asteroides complex is ial dr
human Nocardia infections.
d N cyriacigeorgica may be repor s perf
e Usually susceptible to amikacin
f
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